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INTRODUCTION:

The objective of this proposal is to develop new therapeutic reagents for breast cancer. It
is our hypothesis that improved diabody-based molecules with affinity for HER2/neu can
be engineered and will prove to be effective vehicles for the RIT of breast cancer. The
first Technical Objective (T.O.) focuses on the optimization of the production of the
selected diabody and the identification of the optimal radionuclide and labeling strategy
for diabody-based RIT. This T.O. also involves an investigation into the impact on
diabody targeting and RIT of a variety of factors likely to be encountered in a clinical
setting. These include the degree of antigen density, the route (i.v. bolus or continuous
infusion) and frequency of administration, the presence of disseminated disease, and the
effect of antigen expression on normal tissues. Completion of these experiments will set
the stage for proceeding to the clinical evaluation of diabody-based targeting of breast
cancer in our second Technical Objective. The clinical component of this proposal (to be
initiated in year 3) will entail a Phase I radioimmunoimaging and radioimmunoguided
surgery trial designed to elicit information on the dosimetry, specificity and tumor
penetration properties of radiolabeled C6.5 diabody, and will assess the RIT potential of
this molecule.

KEY RESEARCH ACCOMPLISHMENTS (YEAR 2):

e Development of a new preclinical targeting/therapy model.

We commonly employ scid mice bearing established s.c. human ovarian carcinoma
SK-OV-3 tumors to assess the targeting properties of our anti-HER2/neu antibody-based
molecules. However, as we noted in last year’s progress report, the relative radiation
insensitivity of the SK-OV-3 tumors limited the usefulness of the model for the
evaluation of the C6.5 diabody-based radioimmunotherapy (RAIT). Accordingly, we
acquired the human breast carcinoma MDA-MB-361 DYT2 subclone from Dr. Da Jun
Yang of Georgetown University. This estrogen-dependent cell line grows rapidly in vivo
(established tumors after approx. two weeks) and has previously proven to be an effective
target in RAIT and immunodrug conjugate studies.

Our initial evaluation of this model entailed performing biodistribution studies to
determine that radiometal-labeled C6.5 diabody was capable of targeting the MDA-MB-
361 DYT2 tumors in vivo. The diabody was conjugated to the CHX-A” chelating agent
and was subsequently labeled with In-111. Twenty micrograms were administered to
each mouse by i.v. tail vein injection. Cohorts of 6 mice were euthanized after 4 or 24
hours and the localization of the labeled diabody in tumor and normal organs was
determined. By four hours after injection, approximately 3 % of the injected dose
localized per gram (%ID/g) of tumor and 2 %ID/ml remained in blood. At 24 hours after
injection, the quantity in tumor had climbed to about 8 %ID/g and blood levels had
dropped to 0.4 %ID/ml (tumor:blood ratio = 20:1). With the exception of the kidneys (6
%ID/g at 4 hours and 22 %ID/g at 24 hours), minimal quantities of the '''In-CHX-A”
C6.5 diabody were retained in all organs. This type of kidney retention is commonly
observed when radiometal-conjugated antibody fragments are administered to mice. As




this effect has been reported to be inhibited by positively charged amino acids, we
attempted to decrease the renal retention by administering an i.p. preinjection of 40 mg of
L-lysine. This resulted in an approximately 50% decrease in the activity localized to the
kidney with minimal alterations to the targeting of other tissues. Clearly, the
immunoconjugate is capable of targeting the s.c. MDA-MB-361 DYT?2 tumors.

¢ Determined the potential of radiolabeled C6.5 diabody to be utilized for the
radioimmunodetection of breast cancer.

To determine the utility of employing the C6.5 diabody to deliver radioisotopes to
tumors to facilitate radioimmunodetection (RAID), we performed gamma camera
imaging studies with '!'In-labeled CHX-A-C6.5 diabody and with '*'I-labeled C6.5
diabody. Scid mice bearing established MDA-MB-361 DYT2 tumors were given an i.v.
injection of about 100 pg of 'In- or "*'I-labeled C6.5 diabody. The mice were imaged
24 hours later on a gamma camera. The images performed with the "1n-labeled diabody
clearly revealed the s.c. tumors, but also displayed high renal retention. In contrast, the
1311 images failed to clearly display the tumors or any other organ. The combination of
poor tumor imaging with the radioiodine labeled diabody and effective imaging with the
radiometal labeled form indicated that selected catabolism was occuring leading to
release of the radioiodine from the cell. This lead us to speculate that the HER2/neu
target antigen may be rapidly internalized from the surface of the MDA-MB-361 DYT2
tumor cells (addressed below).

As the biodistribution studies described above indicated a preload of L-lysine
reduces renal accumulation of radiometals that are conjugated to C6.5 diabody, we
performed a gamma camera imaging study in the presence and absence of L-lysine to
determine if the images could be improved. The L-lysine preload resulted in greater
tumor-targeting specificity by four hours post injection and visibly reduced the quantity
of In-111 in the kidneys at the 24 hour time point. However, as expected from the
biodistribution studies, the preload did not completely eliminate the renal retention of the
radiometal. Accordingly, we conclude that the use of radiometal-conjugated diabodies in
clinical RAID trials will likely be associated with unacceptably high renal accumulation
that could interfere with the detection of disease. Therefore, we will consider utilizing
radioiodine-cconjugated diabody in forthcoming clinical trials.

e Characterized the internalization of the HER2/neu receptor on the MDA-MB-361 cell
line.

The disparate tumor-targeting results obtained with BI1. and "MIn-conjugated
diabody in the imaging studies suggested that the HER2/neu target antigen on the MDA-
MB-361 DYT?2 cells may be rapidly internalized. The internalization of radioiodinated
proteins results in rapid dehalogenation and rapid elimination of radioiodine-tyrosine
residues from the cell. In contrast, when radiometal labeled proteins are internalized and
catabolized, the metals are retained in the cell. An in vitro internalization study




performed with ''In-CHX-A” labeled C6.5 diabody indicated that the MDA-MB-361
DYT?2 cells rapidly internalized the diabody after it was bound. These results were
contrary to slow internalization we previously observed when the diabody was incubated
with the human ovarian carcinoma cell line SK-OV-3. This suggests that differences
exist between the HER2/neu receptor on the two cell lines. Rapid internalization can
decrease the efficacy of using 1B11.C6.5 diabody for the proposed RAID and RIGS
applications in the upcoming clinical trial. Accordingly, we will be expanding the in
vitro internalization studies to examine other HER2/neu overexpressing cell lines (e.g.,
SK-BR-3, BT-474, etc.) and to include the 4D5 (Herceptin - fast internalizing) and 741F8
(slow internalizing) MAbs as controls.

e Compared the therapeutic efficacy of 0y _labeled-CHX-A-C6.5 diabody in nude
mice bearing established SK-OV-3 tumors and MDA-MB-361 DYT2 tumors.

Preclinical RAIT studies were performed in scid mice bearing established s.c.
SK-OV-3 or MDA-MB-361 DYT2 tumors on their abdomen. Therapy of the mice
bearing the SK-OV-3 tumors resulted in a reduction in the rate of tumor growth as
compared to that observed in untreated control mice (Figure 1). However, even at the
highest dose of 300 pCi, tumor growth progressed.

Figure 1. 90Y-CHX-A" labeled C6.5 diabody RAIT in nude mice bearing s.c. SK-OV-3 tumors.
Results are presented as percent of initial tumor volume. SEMs are indicated, n=10 mice per
treatment group.
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A similar treatment therapy study performed in mice bearing the MDA-MB-361
DYT?2 tumors revealed significantly different results. All of the treatment doses lead to
dramatic reductions in tumor volumes, with some complete responders. However, the
therapy in this tumor model exhibited a greater degree of toxicity than did similar doses
in the mice bearing SK-OV-3 tumors. All of the doses above 200 puCi were 100% fatal
and 80% of the mice treated with the 200 pCi dose did not survive the therapy. To
identify the MTD and therapeutic efficacy in this model, we have recently initiated a
follow up therapy trial examining lower doses (90 - 200 uCi) of 0y -labeled-CHX-A"-
C6.5 diabody in older (larger) mice. We believe that the differences in therapeutic
efficacy and toxicity of *°Y-labeled-CHX-A-C6.5 diabody in the two models is related
to the ultimate fate of the diabody that binds to tumor cells. If it is internalized, the
isotope persists in the tumor until it eventually disintegrates causing DNA damage to
both the tumor and (due to the small size of the mouse) proximal tissue. However, if the
diabody is not internalized it can dissociate from the HER2/neu target antigen, diffuse out
of the tumor and be eliminated via the kidneys prior to the therapeutic (and toxic)
disintegration event.

Figure 2. 90Y-CHX-A" labeled C6.5 diabody RAIT in nude mice bearing s.c. MDA-MB-361
DYT?2 tumors. Results are presented as percent of initial tumor volume. SEMs are indicated, n=10
mice per treatment group.
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